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A Deep Convolutional Autoencoder Method For Bridge Damage Localization

for Big Data Compression Storage

Zhong Ziting Liu Chenguang Chang Jun'

(School of Civil Engineering. Suzhou University of Science and Technology, Suzhou 215011, China)

Abstract To solve the problem of large volume and storage difficulty of bridge health monitoring data,
the deep convolutional autoencoder is proposed to compress data. By designing a damage indicator,
structural damage location is identified from the compressed data, thereby ensuring the effectiveness of
the data compression. Firstly, an appropriate deep convolutional autoencoder model is designed, and the
autocorrelation functions of acceleration responses under the healthy state of the bridge are used as
training data to obtain appropriate model parameters. Secondly, the real-time monitored acceleration au-
tocorrelation functions are input into the trained deep convolutional autoencoder model to obtain com-
pressed data. Then, the Euclidean distance between the compressed data under both healthy and real-
time states is calculated as a damage indicator, with each damage indicator corresponding to a specific
structural location. Next, the damage condition at the corresponding location is determined according to
whether the indicator changes. Finally, numerical models of a simply supported beam and a continuous
beam, as well as a simply supported beam test in laboratory, are adopted to verify the effectiveness and
noise robustnessof the proposed method. Damage indicators can identify the location of structural
damage through compressed data, with a certain level of noise resistance. The damage location of simply

supported beams can be identified under 20% noise, and for continuous beams under 10% noise.
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Fig. 1 Schematic diagram of deep convolution autoencoder

2 AiE

2.1 KEREAE

FI AR G bR R $1 348 A BEAIL A 5 7 AN [R] 1 %)

(] B AR DG A JEE ) LU R TR A5 5 P g EE AR A
HAT— 2 WP v, 5500 2 B AH L e g B,
1o T B0 SR A 4R Sl A2 %k 107 Y S 39345 5 5 O B
HE— PP i A G T AR Y R RS BE. AR OC pR RO
A K6 PR

N—¢
Rl_l(f):%zxmx(wr) (6)
=1

K, o RORMHEFE R N, FoREFHIER , N £oR
SIS TE]
U — Ak T i bRt B2 T I 1 SR A L 4 T AR A
F WAL IO B e R e /N A — A 7 B A A 2N (D) i
x — min(x)

x:max(x)*min(x) e

KA.z WHEH—LFEWEE, » FH M XK.
max(x ) minCx) 75 1% BB PG 1 fe ok B /ME.

2.2 #HERE

T B A5G BRI 28 e 4 % 7 20 s OC B AR A
WS SRR S92 o A B 90 23 3l ik B s AR R AR AR
W s 246 o MRS AT BRI A2 IR R . 4 ) S B R
36 4 114 (] £ B D0 £ 8000 S SRR AR, DY Ut 3k
PR B e 46 B30 A R Ak

2.3 iR

e HSE IEAR Z8 B A BRECIR 25T TR A AL A i B
TR 8 TR SR T 0 A DL AR ST e 4 Ak 1Y
R G B 8 A g 13 45 A A 5K C8) s

DI =/>}"
K, DI ABGHEAR  hy ki 53 5 O EERRAR S | 52
BRIR S N RBUZSE ¢ ADNFRIE . n W SZ B FEAEEL.

T 25 2 S R A B R E AN SRR S BT R I 2
e pR AR DAVR 2 fg R AR T R 4 B8 1 R =X
BV S Lo T B S R S 5 R A B2 (7]
A X I ) R 0 1) e 2, AN (D) PR

(hiy —hi)° (8)

Zzlzl(hin _hilz)z - 27:1(’11) _hlm )Z
DI = €D
D0 iy ki
KA, ki g AEERCIRZS T B SUZ FRAE By, A
SERARZS R R FRAE.

3 HmBEMBIESR

H T IR B G it 8810 1) M B 458 05 5 (6 7



512 v B e S5 T ) DR AT T 45 7 O SRR 450000 5 A 9 % R A B L A T O T 49

B FEA 3 A TR B P Ak R AR A N7 RIS
143 7 L.
WL B,

3t FLAT T K R B T 7 Ve R B[] )
G s AR B B i A DR E PR RE
Sy 1024, 43 BIUHA X G6) (O HEAT A M5 K IH — 1k
.

W2 BOARLE ST A2,

H A S B fa IR S B # 8 ¢ 2 X4 A Y
SRAE AN, B A EE 1 P AR S B e AR
AU I S B 50 BE 2 ASE AR A i N SR R R ) i
FHUNGRAE VN LR BE 7Y, D3 4 PP A S 7. R AN IR B
T Gt B A5 700 6 107 AH 7 79 A% SR o
W3 e,

2 ST SR 785 R e 5 R ) B0 i A D1 i 1 R
JEAS TR S i A5 8 v, B8 EOAH I O 251 )23 1Y) fn
AHOC R 4 Bt 4% 20 (8O Bl (O T B A 45 b, B4
EiAL YT (=2 70 A R i VA VAN N K VIR A= R OB K AT (=R 7
JE R T P A7 A 38 ot B A A S B 1 Ao

4 HEFEH

4.1 BXREGHKRE

K Abaqus 37 8 m K IR EE 1 7] S AR A,
B R SF 0,15 mX0. 2 m, BRHEE 2500 kg/m® . 5
PR 30 GPa, X4 10 Aot WK 2, O~ 0%
IRHTES  1~9 NN JRE 4 R T W
& 1. 38 2 PR 41403 B TT B LR AR e AL 43

FE 9 AN AU R S RO R RS O IR
(0, 10) 431 » b 4% % A 200 Hz. fEEREIRE T,
Jiti I 1 MR R D 1000 s, 45 2 200 000 S ECHE. 4%
TR Bt AN R S SR 400 s, BEAS Y S AL 15 F)
80 000 ™% .

AL 9 MRS FH A RS T OB
i AN ZR 0T i A58 7Y, i UM 291 )23 1Y e 4 R AR DI 25
) TR 451 2 o 2 DL 1] 3. AR e IS 0. 4, YNk
KA.

RBRPIRRRERREIERE
<:|'> I3 4 5 6 § 9 1
k

Sm

B2 i SC 3R B

Fig. 2 Schematic diagram of simply supported beam
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Table 1  Damage cases of simply supported beam

Conditions Injury unit Extent of injury
D1 7 5%
D2 7 10%
D3 4.7 10%4.20%
D4 3.7 20%.20%
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Fig.3 Loss curve plot
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Fig. 4 Damage location of simply supported beam
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Table 2 Damage cases of continuous beam

Conditions Injury unit Extent of injury

D1 13 10%
D2 13,16 10%
D3 4.13 10%
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: Model2 0. 0601 1749”
065 Modell 0. 0206 47597
i Model2 0.0612 1726”
050 Modell 0.0175 17277
0 Model2 0. 0678 1703”
o 25 Modell 0.0159 17037
e Model2 0. 0904 07467

6 it

BEXTATR S SHM. B304 A7 £ M 1) 0] 81, K U B 2
2 OTEG I ANEE R 45, 38 R FH R B 6 R A G i A5
TR 245 5 O 42 R P 4 AR e ) O SRR A 3R
SRR R0 07 E L S0 48 1A b, D BRIR ST
A RS 9 AH O oA EICI AR Y g AN B R X B TR R
A TSGR b LA 38 3 (AR A0 N S 5
£SO AT R (R S ) R S (T S

(1) R B A Y i 450 0 X 15 32 SHM. 240
P AT 4 R4 %3k 0. 78%.

(2) Jir R W 45405 48 B vT bl e 40 50008 A3 200 31
S AR 545 7 ', 2 R 4 AR R

(3) JT 2R F 0 458 43 4 A E AT 453403 2 1 By AT —
FE B PR T R 20 VM SR AE 10%
i A T AT R A 7

(4) R JH T BE 24 R 2 el A5 280 1 45 1 A7 392 W
KR O B8 T A R L 0 G B AR

2% 3k

(1] ke, BEase, B, 55, 1 N7 B DL BE 45 g f
R W AR A E R B LT ], Bl Ak 5 A
2, 2011, 9(1): 68—74.
LIN J F, HUANG ] L, CHENG Y, et al. Study on
the modified strain of Guangzhou new TV Tower struc-
tural health monitoring [J]. Journal of Dynamics and
Control, 2011, 9(1): 68—74. (in Chinese)

(2]  FEwd., EE, KA, S A0 AT
FEIAR R LT, b E A AR, 2021, 34(12):

5—45,

WANG L B, WANG Q L, ZHU Z, et al. Current

(S

status and prospects of research on bridge health
monitoring technology [ J]. China Journal of High-
way and Transport, 2021, 34 (12): 25 —45. (in
Chinese)

(3] JRKPH. RIEE, AmBK. REEK RSB RPN
LRIEE AL 3 = e )], g i S5 H .
2020, 18(4): 26—32.
SU X Y, KANG HJ, CONG Y Y. Dynamic theory
for evaluation on vertical bending stiffness of multi-
tower cable-stayed bridge with hybrid system [J].
Journal of Dynamics and Control,2020,18(4):26 —
32. (in Chinese)

(4] YANG X C, LI H, YU Y T, et al. Automatic pix-



5 12 4]

v 5 Je S0 TR ) DR 8090 T 4 A 5 AR 45400 5 oz B R

BEETR A i Ty i 53

(5]

[6]

7]

[8]

[9]

[10]

[11]

[12]

el-level crack detection and measurement using fully
convolutional network [ ]J]. Computer-Aided Civil
and Infrastructure Engineering, 2018, 33 (12):1090 —
1109.

CAI G W, MAHADEVAN 8. Big data analytics in
health L1l
International Journal of Prognostics and Health
Management, 2016, 7(4). 1—12.

BARBOSH M, SADHU A, VOGRIG M. Multi-

online  structural monitoring

sensor-based hybrid empirical mode decomposition
method towards system identification of structures
[Jl.
2018, 25(5) . e2147.

SONY S. LAVENTURE S, SADHU A. A litera-

Structural Control and Health Monitoring,

ture review of next-generation smart sensing tech-
nology in structural health monitoring [ J]. Struc-
tural Control and Health Monitoring, 2019, 26(3):
e2321.

BAO Y Q, BECK J L, LI H. Compressive sam-
pling for accelerometer signals in structural health
monitoring [ J]. Structural Health Monitoring,
2011, 10(3): 235—246.

DUAN Z D, KANG ]J. Compressed sensing tech-
niques for arbitrary frequency-sparse signals in
structural health monitoring [ C]//Sensors and
Smart Structures Technologies for Civil, Mechani-
cal, and Aerospace Systems 2014. Bellingham. DC,
USA: SPIE, 2014: 90612W.

BAO Y Q, CHEN Z C, WEIS Y, et al. The state
of the art of data science and engineering in
structural health monitoring [ ] ].
2019, 5(2) . 234—242.

SR, I, PRM . S 3 BE O 450 A
oV W R 5 R P A N A SR (T, B e
P30, 2021, 41(4): 674—683.

WU X G, DENG T T, CHEN B, et al.

Engineering,

Research
on compressed sensing of big data for structural
health monitoring system of operating tunnel [J].
Tunnel Construction, 2021, 41(4): 674—683. (in
Chinese)

TR, YL,y R T I AT A H A R
M G B RS A L) ] RS TR AR,
2022, 35(3): 699—706.

ZHANG X H, XIAO X Y, FANG S E. Dynamic
response reconstruction for bridge structural health
monitoring based on compressed sensing [J]. Jour-

nal of Vibration Engineering, 2022, 35(3): 699 —

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

706. (in Chinese)

BAO Y Q, TANG Z Y, LI H. Compressive-sensing
data reconstruction for structural health monitoring:
a machine-learning approach [J]. Structural Health
Monitoring, 2020, 19(1): 293—304.

ALMASRI N, SADHU A, RAY CHAUDHURI S.
Toward compressed sensing of structural monitoring
data using discrete cosine transform [J]. Journal of
Computing in Civil Engineering,2020,34:04019041.
KULLAA J. Damage detection and localization un-
der variable environmental conditions using com-
pressed and reconstructed Bayesian virtual sensor
data [J]. Sensors, 2021, 22(1): 306.

MR 4, E. AN TERAN LA TR A
TR, 2019, 52(5): 1—11.

BAO Y Q. LI H. Artificial intelligence for civil en-
gineering [ J]. China Civil Engineering Journal,
2019, 52(5): 1—11. (in Chinese)

CATBAS N, AVCI O. A review of latest trends in
bridge health monitoring [J]. Proceedings of the In-
stitution of Civil Engineers-Bridge Engineering,
2023, 176(2): 76 —91.

16 P . T TR B 2% S 0 25 4 A0 00 3 A DN 5
B2 48[ D], iR K%, 2021,

NI F T. Deep learning based structural surface
damage detection and monitoring data mining [ D].
Southeast University, 2021. (in Chinese)

LRI, TR A ) TR B A e 12 W b i B2 BF 5
(D], HK: FERCHE K. 2017,

TAN C Y. Application of Deep learning in bridge
health diagnosis [ D]. Chongqing: Chongqing Jiao-
tong University, 2017, (in Chinese)
ARG B L BT B G B 1l 22 I 25 1Y
BRHILT ] B HOR QTR . 2021 (1D : 140 — 141,
SHAO H Y, LIANG L Y, GAO S W. Damage
recognition based on convolutional autoencoder neu-
ral network [J]. Scientific and Technological Inno-
vation, 2021(11): 140—141. (in Chinese)
SARWAR M Z, CANTERO D. Deep autoencoder
architecture for bridge damage assessment using re-
sponses from several vehicles [ J]. Engineering
Structures, 2021, 246: 113064.

ETE. BT A G AR 2 2% 14 A 42 45 A 3515 4 DU
WroE [D1. J7M . B k%, 2018.

WANG Y X. Damage detection of bridge structure
based on autoencoder [D]. Guangzhou: Jinan Uni-

versity, 2018. (in Chinese)



